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In aircraft construction accurate knowledge of the 
strength properties and behavior of the construction ma- 
terial in actual operation is of essential importance* 
An attempt will therefore "be made in what follows to give 
a "brief review of the properties that have "been attained 
with the synthetic materials with which we are at present 
f amiliar . 



Obtaining the Synthetic Resins 



The sources and method of preparation of the synthet- 
ic resins are schematically shown in figure 1. The start- 
ing materials for the synthetic resins with which ^e are 
familiar and that solidify in molding, are lime (C a 0), 

carbon and air - that is, raw materials which are obtaina- 
ble in sufficiently large quantities to satisfy a demand 
even several times as > reat as the present one. Through 
the mutufe.1 action of the lime and carbon at high tempera- 
tures, calcium carbide is obtained and this combined with 
water yields acetylene. The latter is the starting mate- 
rial for a large number of products of the chemical in- 
dustry, such as medicines, dyes, lacquers, solvents, fuels, 
synthetic rubber, etc. By polymerization of acetylene ben- 
zol is obtained and from the latter phenol, which is a com- 
ponent of synthetic resin. 

From glowing carbon and steam carbon monoxide and hy- 
drogen are obtained, and with the aid of pressure convert- 
ed into methanol which serves as the starting point for 
formaldehyde, the second component of most synthetic res- 
ins. From phenol and formaldehyde, with the aid of con- 
densating materials and catalytics, phenol resin is ob- 



* n Kunst stof f e im Flugzeugbau - Ihr Aufbau, ihre Eigen- 

schaften, heutiger Stand der Forschung und die Moglich- 
keit ihrer Verwendung im Leichtbau." Luftwissen, vol, 
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tainod which, with the addition of fillers, described he- 
low, yields either the molded phenol plastics or the lam- 
inat ed plastics. 

Through the action of heat these phenol resins solid- 
ify or set, during which process the resin passes from 
the initial state - the so-called A or resol state - to 
the B or resitol state. The final product of the set- 
ting process is phenol formaldehyde in the C or resit 
state. Whereas in the resol state the resin is easily 
soluble in many solvents such as alcohol, acetone, etc. , 
in the resitol state the resin is insoluble, does not 
fuse, and is highly ' resistant • chemically • If- the phenol 
resin, therefore, while in state A is combined with sol- 
vents (see fig. l) , it is possible to obtain lacquers, 
impregnating materials, and binders in liquid form. 

The second large group of synthetic resins - the 
carbamide or urea resins - are obtained by the action of 
formaldehyde on urea in the presence of catalytic agents. 
(See fig. 1.) By the additionof certain fillers to the 
urea resin the amino plastics are obtained materials which 
find increasing application. The setting of phenol or 
urea resin under the action of heat is successfully util- 
ized in gluing high quality plywood sheets. The general 
application of heat would be sufficient for the solidifi- 
cation of the synthetic resins if it were not for the sep- 
aration of gas inside resulting in a completely porous 
material of no value for technical applications. It is 
only through the simultaneous application of pressure, 
which must amount to 300 kg/cms (4,267.05 lb. / sq . in . ) and 
more, that suitable materials may be produced. 



Fillers 

The pure synthetic resin always is only a starting 
material for the final resinoid product. In only a few 
isolated cases - for example, for ornaments or jewelery 
is the pure synthetic resin itself an end product. In 
most cases the final synthetic material is obtained by 
combining • the original resin with some other material , the 
so-called filler. (See fig. 2..) 

By combining the synthetic resin with the filler, a 
product having properties not possessed by either of the 
two •component materials is obtained* Thus, for example, 
the pure synthetic resins have too great brittleness and 
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not sufficient toughness to find application as structural 
material .subject to any appreciable stress. Similarly the 
fillers could never by themselves be employed as structur- 
al elements designed to take up forces. The properties of 
a synthetic resinoid depend on the kind of filler and the 
proportion of the resin as well as on various other factors, 
and this explains the large number of trade names used for 
each material. In the further fabrication of the synthetic 
material, only certain fillers can be. used with a given 
fabrication process. Thus plates can be obtained by apply- 
ing successive .layers of paper or fabric sheets. To ob- 
tain a good plat.e it is necessary, however, to distribute 
the filler so that its individual parts flow together with 
the resin and so, for example, instead of fabric sheets or 
wood veneers, fabric cutt.ings or wood flour is employed. 

According to the form of the filler the plastics may 
therefore be divided into laminated and nonlaminated or 
molded varieties. The laminated kind is mostly employed 
in the manufacture of sheets, tubes, and rods, while the 
nonlaminated kind is use'i in molded parts. It is, of 
course, possible to fabricate the molded plastics into 
plates or sheet s - or fabricate ..molded parts from laminated 
plastics. The latter today are of the greatest importance 
for the constructional parts of airplanes. 



Types of. Synthetic Resin Products 

The laminated and molded resinoid products have been 
standardized into various types and classes. (See DIN 
7701.) To the molded products belong the so-called phenol 
plastics, that is, the synthetic resinoid products vrhose 
base is phenol or cresol; for example, type S,T,M, and the 
amino plastics, type K - that is, synthetic materials 
whose base is carbamide resin (urea formaldehyde). The 
cnief classes of tne laminated resinoids arc the resinoid 
papers of class II and resinoid fabrics of classes G- and F 
with coarse or fine fabric inlays. 

In addition to the 11 thermo- s et t ing" resinoids there 
is the large, almost daily increasing, number of polymer- 
ized "thermoplastic" resincids which, in contrast to the 
phenol plastics and amino plastics, may be fabricated in 
the soft state under the action of heat and may even be 
die cast. For airplane construction the thermoplastic 
resins are as yet of no importance since their properties 
hardly satisfy the requirements set upon them. They are 
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employed mostly in electrical applications since their 
electrical properties are generally of a high order. 

possibilities for Constructional Applications 

For light-structure application, particularly for 
airplanes, there remain only the molded and laminated syn- 
thetic resins. Of the molded products, only very few will 
be found at present suitable for application to airplane 
construction. Figure 3 shows the molded resinoid materi- 
als with their fillers that are used at present. The min- 
imum strength properties of these plastics, according to 
the VDE specifications, are relatively low since these 
products have been developed for the field of electrical 
application only. As a result, the molded plastics found 
on the market are as yet unsuitable as regards strength 
for most purposes in airplane construction. Only the 
laminated resinoids have at present any . chance of entering 
into competition with other structural materials. 

There are two possibilities in the preparation of 
constructional parts from synthetic resins: 

Following the method of wood construction the struc- 
tural parts may be produced out of plates, tubes and rods 
through suitable glued joints, or molds may be used, in 
which case the filler is impregnated with synthetic resin 
and the synthetic resin sets during the molding process. 

The first process has the advantage in that no ex- 
pensive molds are required and the usual commercial "semi- 
manufacturing" process may be used. As compared with wood 
construction there is the disadvantage, however, that the 
structural part is heavier although of higher strength 



process is not utilized and hence also the advantage of 
laying the fibers of the filler in the direction of the 
stress. On the other hand, there is the impossibility in 
constructing airplane parts from synthetic materials of 
dispensing entirely with gluing. A considerable number of 
tests therefore have been conducted with the object of 
finding a suitable binding material. Among others, it was 
found that urea resin glue, kaurit , was quite suitable. 




The advantage of 



a single molding 



Figure 4 shows the strength of glued joint attainable 
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with the two types of joints illustrated. In the case of 
synthetic resin paper the strength of the joint is compar- 
able with that of good spruce, and in the case of the syn- 
thetic resin veneers, even considerably higher. The low 
strength of joint of synthetic resin fabrics, however, is 
rather surprising and is a phenomenon that has not yet 
found a satisfactory explanation. 

The second process mentioned above is the only one 
possible for mass production but requires rather expensive 
molding apparatus for experimental purposes and, for pro- 
ducing reliable results, also a great deal of technical 
experience in this 1 field. 



Results of Investigations in and outside of Germany 

It cannot as yet be predicted whether it is .possible 
by intensive investigation, disregarding all desirable 
electrical properties, to improve the strength properties 
of the plastics to such an extent that a practically uti- 
lizable material for airplane construction will result. 
Figure 5 shows the strength coefficients for a synthetic 
resin with wood flour or shavings filler as prepared for 
use in electrical applications. For comparison the values 
for spruce as used in airplane construction are given in 
the last column. From comparison of the strength coeffi- 
cients referred to the specific weight, it may be seen 
that pure synthetic resin does not at all meet the require- 
ments while the phenol plastics with wood flour or cut- 
tings filler approach some of the values ^or wood. (See 
°"_3 an< ^ ^B 1 "' e ^ ast ^ c i' t y modulus, however, is about 

50 percent lower and the specific impact strength as much 
as 50 to 80 percent lower than the corresponding values 
for the spruce. This does not mean, however, that by suit- 
able fillers and resin mixtures as well as by proper mold- 
ing conditions it may not be possible some day to achieve 
great progress. Unfortunately, there exists no systematic 
investigation in this field. How great a change in prop- 
erties of the material may be expected with changes in the 
component parts is shown by figure 6, where the change in 
the compression strength has been plotted as a" funct ion of 
the percent of filler. There is as yet, however, no answer 
to the question of just what happens when various resin or 
filler mixtures are used, Essentially the same questions 
may be asked in the cr.se of the laminated resinoide. Here, 
too, the synthetic material industry has not received suf- 
ficient stimulus on the part of the construction industry 
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or those interested in light structures to proceed with a 
broad and systematic approach to the solution of the prob- 
lem. Therefore, it is only possible here to enumerate 
the characteristic properties of the synthetic materials 
that have been developed for application to the electrical 
field. From several tests that for some years have been 
conducted at the DVL , however, some conception can be 
formed of what increase may be expected in the mechanical 
properties to practical values applicable to structures. 

Figure 7 gives the mechanical properties of the lam- 
inated plastics that are on the market today, namely, 
those of synthetic resin paper, synthetic resin fabric, 
and synthetic resin veneer and, for comparison, the prop- 
erties of spruce and plywood. In the production of these 
materials the paper or fabric sheets or the individual 
wood veneers are impregnated with synthetic resin solu- 
tions- for example, bakelite A - and after drying (i.e., 
after evaporation of the solvent) are laminated in the 
manner desired and compressed under suitable pressure at 
the required setting temperature. All the strength coef- 
ficients rise considerably as compared with the values^of 
the unlaminated materials. The ratio s t r ength/ spec if i c 
weight, which is of special significance for light struc- 
tures, not only attains the corresponding values for ply- 
wood but considerably exceeds them as well as those for 
airplane spruce. As compared with duralumin, the values 
still lie below although the tearing length, on account of 
the 50-percent lower specific weight, is the same. The 
elasticity modulus in the most favorable cases is onle one- 
third that of duralumin, frhile the impact strength cannot 
as yet be compared with that of the metal (fig. 8). 

It should be remembered that these materials have 
been developed for the field of electrical industry only. 
Through a change in the molding pressure alone, as far as 
this can be done in present-day practice, it is possible 
to attain a considerable increase in the modulus of elas- 
ticity (fig. 9). By embedding suitable raw fibers, con- 
siderable increase in strength may be attained as well. 
Thus, in the tests conducted by the DVL , with fibers of 
agave, sisal, and aloe, a synthetic product was produced 
whose figure of merit j/y already attained the corre- 
sponding values for high quality metals (fig. 10). The 
modulus of elasticity is about three to four times as^ 
great as the modulus of the normal commercial synthetic 
product. In the case of one material, whose specific 
weight is only half that of light metal and whose elastic- 
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ity modulus is a third to almost half that of the metal, a 
material has resulted that is capable of entering into 
co ripe t it ion as compared with present products. Since, for 
example, in computations on the stiffness in stressed skin 
construction, it is not the value (jr/Y , hut rather the 

3, 

ragnitudc "if- that is o*f chief significance, the compar- 
ison with other materials is even more favorable for the 
synthetic mater ial s . 

The values so far ohtained do not by any means repre- 
sent the highest attainahle. Through the application of 
varioiis devices in the process of nanuf acture of the plates 
further progress may he achieved as is shown "by the most 
recent investigation results ohtained at the synthetic 
rosin laboratory of the "Aero Research" in England. If, 
for example, in the process of manufacture of the plates 
or other forms the fabrics used for the filler arc sub- 
jected to an initial stress, an increase in the modulus of 
elasticity of from 25 to SO percent is possible although 
at the expense of the tensile strength. 

As a specially valuable property of the synthetic res- 
ins, there is still to he mentioned the great vibration 
property which has up to the 7preso;it been investigated in- 
isolated cases only. According to tests the ratio of the 
damping capacity of steel to that of synthetic resinoids 
is as 1:140. This property of the material is a very fa- 
vorable one in airplane construction in that undesirable 
and often dangerous resonance vibrations care almost com- 
pletely suppressed. 

Endurance Strength 

On the ability of the synthetic materials to withstand 
continuous static and dynamic loading, only meager data are 
available. In this connection, it is of interest to note 
that the synthetic material behaves better than spruce. 
Whereas the latter is ruptured under a continuous loading 
of about 60 percent of the short-time load, the synthetic 
resin fabric can bear about 78 percent of the short- time 
rupture load. 

Bending Tcrts 

far back as five years ago, circular and plane 
tests wore conducted at the DYL to determine the 
endurance strength. The circular bending tests 
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(fig. 11) were carried out with the Schenk continuous "bend- 
ing machine and gave useful results only when certain spe- 
cial conditions were maintained. This also explains why 
similar tests elsewhere gave greatly deviating results, and 
the data of various investigators on the endurance strength 
of synthetic resins fluctuate between 35 and 65 percent of 
the static tensile strength. 

More recent tests conducted at the Technical High 
School at Darmstadt give a ratio of 0.25 to 0.35, hut this 
value should also he too high as shown "by the tests recent- 
ly concluded at the EVL . A difficulty in the determina- 
tion of the endurance strength is the disorganization of 
the material during the tests - a phenomenon that has not 
yet "been more closely investigated. It was therefore nec- 
essary to find a test procedure which would give a numer- 
ical indication of the start of rupture within the mate- 
rial optically not evident from the outside. A rod in the 
condition as supplied was subjected to a static bending 
load and the elasticity modulus determined within a load 

range of 0 to* — cr-n , . The rod was next subjected to con- 

10 s 

tinuous bending tests beginning with a stress lying below 
the continuous strength limit anticipated. The elasticity 
modulus was determined after about every 50,000 alternat- 
ing loadings and the load then increased by a small amount. 
At a definite stress the load began to decrease after the 
first 1,~00 alternating loads. The number of 50,000 alter- 
nating loads was chosen since preliminary tests showed 
that the decrease in load after this number of loads was 
always below a certain order of magnitude. 

The values of the elasticity moduli thus found are 
plotted on a coordinate system with abscissas giving the 
alternating stress and ordinates the modulus of elastic- 
ity, and a curve is thus obtained (fig. 12). Since the 
first point already gives the smallest drop in the modu- 
lus, the curve through the intersection with the horizon- 
tal passing through the points of equal modulus of elas- 
ticity will give, with a high degree of accuracy, that 
alternating load below which there is no disorganization 
of the material. This stress is the endurance strength 
limit. 

Figure 13 shows the endurance limits that were ob- 
tained by this method for synthetic resin paper, synthet- 
ic resin fabric, and synthetic resin veneers. 
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Cell Wool (Zellwolle) in Place of Cotton Filler 

Since up to the present, paper or cotton fabric and 
also linen fabric have always "boon employed the DVL , work-* 
ing in cooperation with the industry, sought to exchange 
the ©ottoa for "cell wool" and the results of these tests 
arc presented on figure 14 and show that not only a small 
addition hut even a 100-percent cell-wool content as fil- 
ler may he used to advantage. 

Previous Tests on Constructional Parts 

For some years tests have been conducted by the DVL 
with the object of applying the synthetic resins to air- 
craft construction. A few years ago a model spar was con- 
structed (fig. 15) containing a whole series of glued sur- 
faces. On account of the difficulty experienced at that 
time in efficiently gluing synthetic resins, it was found 
impossible to produce failure of the spar in bending with- 
out at the same time producing a slippage of the glued 
surfaces (fig. lo). It was therefore necessary to rein- 
force the binding of the glued surfaces with wood screws. 
A spar of this type had about the same rupture load as a 
wooden spar of the same weight that was constructed for 
comparison, yet the bending was about 40 percent greater. 
To what extent this snail stiffness should be attributed 
to the rather poor joining of the glued surfaces, will not 
be gone into here. 

In another test the rudder unit of a He 45 was con- 
structed of synthetic resin instead of light metal. Again 
it was seen on loading the unit (the tests were carried 
out at the static testing division of the DVL ) that the 
stiffness of the synthetic resin structure was considera- 
bly lower than that of light metal. The method of con- 
struction, however, did not do justice to the properties 
of the synthetic product since, in imitation of wood con- 
struction, pipes, angles, sections and plates were joined 
to one another instead of having the entire rudder, or at 
least Darts of it, made of one piece. 



Present Application to Aircraft Construction 

What actual application has been made up to the present 
of the synthetic resins? In the manufacture of high quality 
plywood, even out of beech, synthetic resin glues only are 
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admissible • Recently, kaurit has entered the field as a 
glue in the manufacture of plywood. 

A step further In the conoinin^ of extra thin food 
veneers with synthetic resins, are the synthetic resin ve- 
neers, listed on figure 17, which are already manufactured 
in large nuantitios and used as materials for bearings and 
pinions. Since these materials, according to experience 
gained by the DVL , may ho reliably glued "by means of kaurit 
and combine the good properties of "both the wood and the 
synthetic resin, it nay be assumed that they will one day 
find application to parts subject to high stress. 

Synthetic resins are used also for such applications 
where other materials were found to he inferior on account 
of too high specific weight, danger from fire, manufactur- 
ing difficulties, or similar reasons. The application of 
the synthetic product was limited, however, to construc- 
tional parts not subjected to any appreciable mechanical 
stress and the failure of which would not endanger the air- 
craft. Board instruments have for years "been provided 
with synthetic resin casings instead of the light-metal 
casings formerly used. The unpleasant characteristics en- 
countered in the touching of two materials of different 
electric potential in screws, shut-off cocks, junction 
"boxes, etc., were all eliminated at one stroke when the 
synthetic resin was used. 

In none of the above cases was the synthetic resin 
product ever part of a force- transmitting structure. That 
synthetic resins are very veil suited, however, for struc- 
tural parts of maximum mechanical stress is shown by the 
micarta propeller that has been used for years and whose 
manufacture in modified form has been resumed by the De 
Eavilland works (fig. 18). Whether or not propellers will 
he manufactured out of synthetic products, depends entirely 
on the number of units the market will absorb since a small 
demand can never justify the cost of the molds and mechan- 
ical installations of a micarta plant. It may be expected 
that with the use of the embedded sheets for controllable 
propellers and with the attainment of desirable simplicity 
and uniformity of propeller types, extensive application of 
the synthetic resins in tnis field is entirely probable. 
The synthetic product has already been used as a structural 
material in a highly stressed member in G-erman airplanes. 
A factory in Hanover, for example, has developed an adjust- 
able hub of laminated synthetic resin for an SH 14-A motor 
Figure 19 gives the values of the ststic properties of the 
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material used. Dynamic oscillation tests gave surpris- 
ingly good results on this huh. Other factories of the 
industry are "busying themselves with the development of 
certain airplane structural parts that could "be turned out 
in large quantity. If the specific properties of these 
newer working materials are properly considered and the 
mode of construction of the materials correspondingly 
suited, it is to he expected that the chances of success 
in their application will "be considerable. The greatest 
danger to which the application of these new construction 
materials is exposed is still to he found in prejudices, 
false applications, and designs not suited to the material 
It is too early as yet to picture a larger structural meia- 
her, for example, a wing as "being constructed entirely of 
plastic material, yet it is certain that the next few year 
will see an extensive application of the synthetic resins 
In aircraft construction since in all industrially devel- 
oped countries, this prohlem is heing most energetically 
at t acke d. 



Translation hy S. Reiss, 
National Advisory Committee 
for Aeronautics. 
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figure 1.- Scheme of synthesis of phenol and urea synthetic resins. 
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figure. 2.- Binders for the synthetic resins. 
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Figure 3.- Plastics and their fillers used at the present time. 
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Figure 4,- Strength of glued joints of synthetic resin 
materials. 
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Figure 5,- Strength coefficients of synthetic resin plas 
tics. 
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Figs. 6, 8, 9 
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Figure 7.- Strength values of laminated synthetic resins. 
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Fig, 10 
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Figure 10.- Synthetic resins with raw fiher fillers. 
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ance strength of syn- 
thetic resins through short time tests 
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Figure 13.- Endurance ben ting' 

strength of synthetic 
resins determined "by short time 
continuous bending tests. 
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Figure 14.- Strength coefficients of synthetic 
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figs. 15, 16,18 




Figure 15.- Dimensions of built up spar of synthetic 

resin materials .Flange of pressed paper 
with pressed on veneer layers. Web of 5-ply pressed 
birch veneers with outer fabric layers. Joining with 
synthetic resin and wood screws. 




Figure 16.- Showing failure of synthetic resin spar. 




Figure 18.- Section tnrough micarta propeller. 
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Fig. 17 
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Figure 17.- Mechanical properties of developed synthetic resin products as 
compared with wood. 
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Fig, 19 
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Figure 19.- Strength coefficients of laminated plastic 

using paper filler. 



